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Navigation Channel Infilling 
by Cross-Channel Transport
– Screening Tool –

Overview of Talk

• Motivation 
• Analytical Model / Screening Tool

– Assumptions & governing equations
– Analytical & numerical solutions
– Sensitivity tests
– Preliminary validation

• Trapping Ratio

• Concentration  Profile
• Summary Plan View
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Channel Performance & Management

If deepen/widen a channel, 
dredging is expected to 
increase because…

• Deeper channel is better trap
• Wider channel is better trap
• Side slopes adjust (slump)
• Channel is longer

(after Walton 1977)
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Navigation Channel Infilling 
by Cross-Channel Transport
– Screening Tool –

Motivation – goals

• Screening tool – assess channel modifications & 
performance

• Readily available inputs (macro-processes)

• Rapid answers

• Robust (won’t give extreme answers)

• “What-if” easily done

• Analytical solution – reveal roles of acting processes

• Pedagogical tool

• Possibility of generalization
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Channel Infilling,
Shark River, NJ



Channel Migration
Shinnecock Inlet, NY
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Derivation of Channel Infilling Model
assumptions

Chart Datum

Project Depth, hp

Advance Depth

Allowable Overdepth

Design 
Cross Section

Direction of
Predominant Transport

Bank
Encroachment

Deposition

hp

Depth Immediately
after Dredging
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Analytical Solution (linearized eqn’s)
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Example 1:  Sand ad = 0.6;  ab = 0.1

W0 = 50 m; z0 = 4 m; zp = 2 m
q = 150 m3/m/year
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Example 2:  Gravel ad = 0.2;  ab = 0.7

W0 = 50 m; z0 = 4 m; zp = 2 m
q = 50 m3/m/year
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Application – Keystone Harbor, WA



6/97

4/983/93 5/93

-9

-7

-5

-3

-1

1

3

El
ev

at
io

n,
 m

 (M
LL

W
)

0 20 40 60 80 100 120

Distance Across Entrance, m

Keystone Harbor, Transect 2
Mar 93 - Apr 98

5/9010/87 5/91

-9

-7

-5

-3

-1

1

3

El
ev

at
io

n,
 m

 (M
LL

W
)

Keystone Harbor, Transect 2
Oct 87 - May 91

0 20 40 60 80 100 120

Distance Across Entrance, m

Keystone Harbor, WA

2

3

2
0 0 0

( )

0.7 5,000 m /year (1 year)
7 m 150 m
3.5 m

( )
2
b db qt
a aax t qt

z W z
 

≈  
 

=

+



Trapping Ratio, p
Chart Datum

Channel Design 
Cross Section

h
Ua

ha

W

∆z
• Uc

Vf

Suspended Particle
Trajectory

zs

Z = 0

C(z)(

qin

Cb

0 0

( ) ( )
a ah h

in a aq U C z dz U C z dz= =∫ ∫ ( )( ) exp /b aC z C z h= −λ

flux deposited in channel
total flux of suspended sediment

p =

( ) [ ]
0

( ) exp / 1 exp( / )
sz

a b a
in s a b a s a

U C hq z U C z h dz z h= −λ = − −λ
λ∫

[ ]( ) 1 exp( )a b a
in a

U C hq h = − −λ
λ

a
c a

c

hU U
h

= fc
f

c a a

VhWz V W
U h U

∆ = =

2
1 exp

( ) 1 exp( / )
( ) 1 exp( ) 1 exp( )

fc

a ain a

in a

Vh W
h Uq z z hp

q h

−λ
 

−  ∆ − −λ∆  = = =
− −λ − −λ



2
1 exp

1 exp( )

fc

a a

Vh W
h U

p
−λ
 

−  
 =

− −λ
Suspended Sediment
Decay Coefficient, λ

Empirically, λ ~ 1.65 ± 0.68  (Kraus & Rosati 1987); but, also derive:

⇒
1/3

s d a
Dk h 

ε =  ρ 
exp[ ( / ) ]f sV z− ε 1/ 3( / )

f

d

V
k D

λ =
ρ

kd ~ 0.03 empirically

Introduce equilibrium profile concepts ⇒
1/ 323

4
f

d a

V
k gh

 
λ =  

 
/f aFr V gh=



Chart Datum

Channel Design 
Cross Section
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Coefficient kd –
analyze sedimnent concentration data
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Diffusion equation
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Wang et al. (2002)
mid-scale lab. data
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kd from mid-scale
and large-scale lab. data
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Summary
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Navigation Channel Infilling 
by Cross-Channel Transport
– Screening Tool –

• Analytical model of channel infilling
– useful for preliminary studies
– readily available or estimated inputs
– isolates the acting processes
– behavior oriented, robust
– pedagogical tool - understand channels
– can be extended numerically

• Trapping ratio
– independent applications
– utility for the infilling model

• Sediment concentration profile
– “new” model energy dissipation
– validated with laboratory & field data
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